Abstract
INTRODUCTION
Data mining is the non-trivial process of identifying valid, novel, potentially useful, and ultimately understandable patterns in data [2] . Data Mining is an essential step in Knowledge Discovery in Database (KDD) process and it is defined as a process of information extraction. Data Mining is concerned with the algorithmic means by which patterns or structures are enumerated from the data under computational efficiency limitations.
Data mining can be performed on data represented in quantitative, textual, or Multimedia forms. The widespread use of databases and the explosive growth in their sizes, organizations are faced with the problem of information overload [3] . The effective utilization of these massive volumes of data is becoming a major problem for all enterprises. Data mining supports automatic exploration of data and evaluates the patterns.
Data Mining is a set of processes related to analyzing and discovering useful, actionable knowledge buried deep beneath large volumes of data sets. This knowledge discovery involves finding patterns or behaviors within the data that lead to some profitable business action. The main aim of data mining is to discover hidden fact in databases. The two primary goals of data mining are prediction and description. Prediction involves using some variables or fields in the database to predict unknown or future values of other variables of interest. Description focuses on finding human-interpretable patterns that describes the data.
Bioinformatics is defined as the application of computer technology to the management of biological information. Bioinformatics is the science of storing, extracting, organizing, analyzing, interpreting and utilizing information from biological sequences and molecules. The main goal of bioinformatics is to enhance the understanding of biological processes [9] . Bioinformatics derives knowledge from computer analysis of biological data. It is the interdisciplinary field of developing and utilizing computer databases and algorithms to accelerate and enhance biological research. Bioinformatics also deals with algorithms, databases and information systems, web technologies, artificial intelligence and soft computing, information and computation theory, software engineering, data mining, image processing, etc.
Bioinformatics and data mining together provide exciting and challenging researches in computer science. Advances such as genome-sequencing initiatives, microarrays, proteomics, and functional and structural genomics have pushed the frontiers of human knowledge. Data mining provides the necessary tools for better understanding of gene expression, drug design, and other emerging problems in genomics and proteomics. Knowledge Discovery in Database (KDD) techniques plays an important role in the analysis and discovery of sequence, structure and functional patterns or models from large sequence databases. Data mining approaches are ideally suited for bioinformatics, since it contains rich data.
Data are collected from genome analysis, protein analysis, microarray data and probes of gene function by genetic methods. Maintaining this type of enormous data is a tedious process for most laboratories. Mostly the data are kept on spread sheets for easy usage. Data are arranged in appropriate database format. A database format is important in applied areas such as medical, agricultural and pharmaceutical research.
Gene expression is the conversion of the genetic information that is present in a DNA sequence into a unit of biological function in a living cell. It involves two processes like transcription and translation. The process of converting a gene into RNA is called as transcription. The transcription is followed by the process of translation of the RNA into protein. There are many techniques used for determining and quantifying gene expression, and many of these techniques have substantial statistical components to them. The process of measuring gene expression via cDNA is called gene expression analysis or gene expression profiling. Gene Expression analysis is used to determine whether the particular gene is expressed or not. In gene expression analysis, the expression levels of thousands of genes are simultaneously monitored to study the effects of certain treatments, diseases, and developmental stages on gene expression.
Microarray is also called as DNA chip that is used for analyzing gene expression data. DNA microarrays are becoming a fundamental tool in genomic research. Microarray methods were initially developed to study differential gene expression using complex populations of RNA [10] . A microarray is a huge collection of spots that contain massive amounts of compressed data like DNA, protein, or tissue arranged on array for easy simultaneous analysis. Each spot of a microarray contains a unique DNA sequence, Protein or Tissue. Microarray analysis is a technique that is used to determine whether genes are expressed or not and it also supports the discovery of drug-sensitive genes and the chemical substructures associated with specific genetic responses.
Microarray is a method for profiling gene and protein expression in cells and tissues. As a new technology, microarrays have great potential to provide genome-wide patterns of gene expression, to make accurate medical diagnosis, and to explore genetic causes underlying diseases. Scientists used the DNA microarrays to measure the expression levels of large numbers of genes simultaneously or to genotype multiple regions of a genome. Each DNA spot contains picomoles (10 −12 moles) of a specific DNA sequence. These picomoles are known as probes (or reporters). These probes consist of short section of a gene or other DNA elements that are used to hybridize a cDNA or cRNA sample called target. Several microarray gene expression datasets are publicly available on the Internet. These datasets include a large number of gene expression values and there is a need to have an accurate method to extract knowledge and useful information from these microarray gene expression datasets. Fuzzy logic is a multivalued logic that differs from "crisp logic", where binary sets have twovalued logic. Fuzzy logic variables have truth value that ranges in degree between 0 and 1. Fuzzy logic is a superset of conventional Boolean logic that has been extended to handle the concept of partial truth.
A membership function (MF) is a curve that defines how each point in the input space is mapped to a membership value (or degree of membership) between 0 and 1. Fuzzy Logic consists of Type 1 and Type 2 fuzzy. A type-2 fuzzy set contains the grades of membership that are themselves fuzzy. Type-1 Fuzzy Logic is unable to handle rule uncertainties. Type-2 Fuzzy Logic can handle rule uncertainties effectively and efficiently [8] . A Type-2 membership grade can be any subset in the primary membership. For each primary membership there exists a secondary membership that defines the possibilities for the primary membership. [14] . Type-2 Fuzzy is computationally intensive because type reduction is very intensive. Type-2 fuzzy is used for modeling uncertainty and imprecision in a better way. The type-2 fuzzy sets are called as "fuzzy fuzzy" sets where the fuzzy degree of membership is fuzzy itself that results from Type 1 Fuzzy [7] . The gene expression levels are qualitatively classified into low, medium and high states to a varying degree based on a set of membership functions.
Gene subset selection is important for both classifying and analyzing the microarray gene expression data. It is a very difficult process because the gene expression data contain redundant information and noises. To solve this problem, fuzzy logic based pre-processing approaches are used. Fuzzy inference rules are used to transform the gene expression levels of a given dataset into fuzzy values. Then the associations (similarity relations) to these fuzzy values are applied to define fuzzy association patterns. Each fuzzy equivalence group and association patterns contain strongly similar genes.
The presence of duplicate information in microarray makes the classification and clustering task more difficult. A fuzzy logic based approach is used for eliminating the redundancy of information in microarray data. This technique is easy to understand and can be used for a biological interpretation. The aim of the paper is to propose a data mining technique to apply fuzzy logic and for clustering microarray data to group genes with similar functionalities to analyze the gene expression profiles.
The paper is organized as follows. Section II provides the literature study of the association rule mining, Type 2 fuzzy logic for microarray. In Section III the MGA-FL methodology for gene expression analysis is explained. Section IV explores the implemented results for the yeast dataset. The final section draws the conclusion of the paper, the major strength of this work and direction for future research.
REVIEW OF LITERATURE
Micro array technology is one of the latest advanced technologies in molecular biology. It enables monitoring the expression thousands of genes (virtually the entire genome) simultaneously. A wide range of different methods have been proposed for the analysis of gene expression data including hierarchical clustering, self-organizing maps, and k-means approaches.
In [23] , Zuoliang Chen et al., (2008) has proposed an associative classification approach namely Classification with Fuzzy Association Rules (CFAR). Here the Fuzzy logic technique is used for partitioning the domains. The experimental results inferred that CFAR generates better understandability than the traditional approaches. In this paper Nenad Jukic et al., [13] (2011) has proposed qualified association rules mining. This qualified association rule mining is an extension of the association rules data mining method, which discovers previously unknown correlations under some circumstances. This method aims at improving the action results. Various experiments are carried out to illustrate how the qualified rules increase the effectiveness when comparing with standard association rules.
In [22] In [4] , the author Dongguang Li (2008) presented information about how to discover useful information based on the DNA microarray expression data collected from mouse experiments for the leukemia research. Many methodologies involving fuzzy sets, neural networks, genetic algorithms, rough sets, wavelets, and their hybridizations, are suggested to provide approximate solutions. In [18] , Qilian Liang et al., (2000) has proposed a method for designing interval Type-2 fuzzy logic systems. The concept of upper and lower membership functions is introduced and defined in this paper.
In [19] , Raed I. Hamed et al., (2010) developed a fuzzy reasoning model based on the Fuzzy Petri Net. In [17] , Pradipta Maji (2011) has proposed a clustering algorithm called fuzzy rough supervised attribute clustering (FRSAC). The effectiveness of the FRSAC algorithm is compared with existing supervised and unsupervised clustering algorithms like hierarchical clustering, the k-means algorithm, SOM and PCA.
In In [14] , Nilesh N. Karnik et al., (1999) has introduced a Type-2 fuzzy logic system that can handle rule uncertainties. Type-2 Fuzzy logic is applied to time-varying channel equalization and it is proved that the Type 2 fuzzy logic system provides better performance than the existing Type-1 Fuzzy and nearest neighbor classifier.
In [11] , Mohammad Mehdi Pourhashem et al., (2010) has proposed a new method based on fuzzy clustering and genes semantic similarity to estimate missing values in microarray data. In the proposed method, microarray gene data are clustered based on genes semantic similarity and their gene expression values. In [5] , Edmundo Bonilla Huerta et al., (2008) introduced a fuzzy logic based pre-processing approach composed of two main steps. First, the fuzzy inference rules are used to transform the gene expression levels of a given dataset into fuzzy values. Then a similarity relation is applied to these fuzzy values to define fuzzy equivalence groups.
In [20] , Vincent S. Tseng et al., (2006) has proposed two fuzzy data mining approaches for microarray analysis called Fuzzy Associative Gene Expression (FAGE) and Ripple Effective Gene Expression Rule (REGER) algorithms. Both techniques transform the microarray gene data into fuzzy items. Then the fuzzy operators and specially designed data structures are used to discover the relationships among genes.
PROBLEM FORMULATION AND METHODOLOGY
The main objective of this research work is to propose a framework to classify and analyze Microarray Gene data by using data mining and fuzzy logic. The specific objective of the work is to cluster the microarray gene data based on fuzzy association patterns and to compare the proposed work with existing traditional algorithms.
Genome sequencing projects have provided static pictures of the genomes of many organisms. Fuzzy logic incorporates a simple rule based approach for solving problems rather than attempting to model a system mathematically. Linguistic variables are the input or output variables of the system whose values are words or sentences from a natural language, instead of numerical values. The applied fuzzy logic consists of a set of fuzzy if-then rules that enable accurate nonlinear classification of input patterns. Fuzzy logic transforms quantitative expression values into linguistic terms that are able to uncover hidden fuzzy sequential associations between genes.
The proposed framework given in Figure 2 is used for analyzing associations of microarray gene data using fuzzy logic and clustering approach. The proposed framework consists of three phases. In the first phase the preprocessing and fuzzification of microarray data is done. In the second phase the fuzzy association pattern of genes are discovered and the microarray gene data is grouped according to association patterns. Two types of clustering are done within the third phase and the results are compared with the proposed work for finding accuracy. 
Preprocessing and Fuzzification
The Yeast Saccharomyces Cerevisiae Dataset is downloaded from National Center for Biotechnology Information Gene Expression Omnibus (NCBI GEO) website contains about 6240 Genes with their corresponding Yeast values (0.04481, 0.725). Microarray gene data contains noisy and inconsistent data. Preprocessing is the process of removal of inconsistent data and to extract necessary information. Table 1 show the microarray gene data downloaded consists of empty spots. The preprocessing phase is used for extracting needed information from the data that consists of two main processes. In the preprocessing step the empty spots are replaced with null values using the isempty method. The empty spots are replaced by unique elements in dataset using unique method. Then the null values in the dataset are replaced by the maximum unique elements by using max method. Table  2 shows the preprocessed data. After replacing all the null values in the microarray gene data, the preprocessed gene expression values are given as input for the next process, the fuzzification. Figure 3 . Gene expression levels are qualitatively classified into up regulated (U), down regulated (D), low (L), medium (M) and high (H) states to a varying degree based on a set of membership functions in Type 2 Fuzzy logic. The calculated fuzzy numeric values are shown in Table 3 . Then the numeric values are converted into fuzzy linguistic terms are shown in Table 4 . 
Fuzzy Association Based Gene Clustering
The numeric quantitative values of gene data are converted into fuzzy terms using fuzzy logic. After fuzzification, the fuzzy values are given as input for the next phase, the finding of gene association. In the second phase, to find the fuzzy association pattern lpq ljk the association between the linguistic terms lpq and ljk are discovered.The microarray gene data with three states contains nine possible associations according to the gene expression states. The gene data contains fuzzy association patterns like
The gene positions corresponding to a particular association are grouped as shown in Table 5 . For example 51, 69, 3, 5, indicate the gene position numbers in which the associations are present. 
The total numbers of genes for particular association are also given The uncertainty associated with the fuzzy association patterns can be modeled by using confidence measure. The confidence measure is defined as the probability of the pattern Pr(lpq ljk). The weight of evidence measure W (lpq ljk) is calculated to handle the uncertainties.The weights calculated for five clusters are shown in Table 7 . Table 7 . Calculated Weights for Five Clusters After the calculation of weight, a set of gene expression data collected from a set of N' genes from previously unseen gene expression data are collected. To predict the accuracy the fuzzy association patterns previously discovered in each class can be searched to see which patterns can match with the new expression profile. The weight of evidence W' (lpq ljk) supporting the assignment of new class is defined as: Finally the degree of membership that the new gene expression data belongs to each class is calculated. The accuracy between the genes can be predicted by calculating how the fuzzy association patterns in new gene expression data can match with the patterns in previous dataset. The occurrences of the particular association are grouped and the data belonging to that association are grouped and stored for each cluster. The calculated fuzzy values are also grouped for clusters. The rules generated for five clusters are displayed separately in Table 8 . The table contains the cluster number and rule number. As given in the Table 8 the following association patterns are found for the clusters identified. The numbers like 2, 3, 1, 6, and 5 indicates the association rule number. Some clusters contain few association rules. It indicates that the other rules are not present within the cluster. The occurrences of the association are grouped for each cluster. Each association rule is represented by some constant values. The original data and the fuzzy values belonging to the particular association are grouped in clusters.
Clustering and Verification Phase
The fuzzy association patterns are discovered and the accuracy is calculated in the second phase. After the pattern discovery the clustering is done in third phase. Two types of clustering algorithms are used. One is k-means and other is hierarchical clustering. After clustering the fuzzy logic technique is applied for the cluster results. A comparison is made with the results from kmeans without fuzzy logic and kmeans with fuzzy logic. The comparison is done for hierarchical clustering similar to kmeans. The comparison is done for both Type 1 and Type 2 fuzzy.
After comparison, the results are plotted and verified for both types of clustering. After the verification of results it is observed that the accuracy is increased by using fuzzy logic technique.
The accuracy values for kmeans clustering without applying fuzzy logic and with applying Type 1 fuzzy logic are shown in Table 9 . Table 11 . Similar to kmeans the accuracy values are calculated using hierarchical clustering and it is shown in Table 12 . 
IMPLEMENTATION RESULTS AND DISCUSSION
The experimental results and comparative study of the Fuzzy techniqyes and two algorithms are presented in this section. The membership functions are represented in fuzzy logic toolbox. The membership function for Type 2 fuzzy is shown in Figure 4 . The membership function for Type 2 fuzzy is represented by trimf function type. The Surface Viewer in the fuzzy logic toolbox has a special capability that is very helpful in cases with two (or more) inputs and one output. When opening the surface viewer a three dimensional curve that represents the mapping of genes to expression is shown. Figure 5 shows the surface viewer for the proposed work.
The cluster numbers and the gene numbers corresponding to the association patterns are shown in Table 13 . The number of clusters and the total number of genes associated with a particular cluster is shown in the form of bar chart in Figure 6 . Based on the results from the bar chart it is analyzed that the maximum numbers of genes fall under the cluster 5 for fuzzy associations A H, H A, H H, A A. The comparison of clustering algorithm accuracies for Type 1 and Type 2 fuzzy is done and it is shown in the Table 14 . The result for Type 1 fuzzy and Type 2 fuzzy are analyzed and compared and discussed in the form of line chart. The accuracy values for kmeans and hierarchical clustering are plotted in line chart and it is shown in Figure 8 and Figure 9 . The analysis of the clustering results infer that the accracy values are increased by using fuzzy logic technique when compared to the traditional clustering algorithms. Based on the implementation results the accuracy can be further increased by using the proposed Type 2 fuzzy approach (MGA-FL) compared to the existing Type 1 fuzzy approach. The technique proposed in the research work using Type 2 fuzzy for finding association patterns to cluster microarray data is found to have highest accuracy than Type 1 fuzzy and other traditional clustering algorithms.
CONCLUSION AND FUTURE DIRECTIONS
Fuzzy logic is a superset of conventional (Boolean) logic that has been extended to handle the concept of partial truth, where the truth value may range between completely true and completely false. We have proposed a methodology consisting of a framework (MGA-FL) for improving the proposed idea. The main idea of our proposed work is to apply fuzzy logic to microarray gene data to find fuzzy association patterns. The association uncertainties are handled by calculating weight and the accuracy of gene clusters are predicted. The fuzzy associations are proposed for both Type 1 and Type 2 fuzzy. In this study the microarray gene dataset is implemented and the clustering is done using fuzzy logic associations. The various snapshots obtained in the section IV prove that the proposed idea is found to have more accuracy than existing clustering algorithms K-Means and Hierarchical clustering. We have also compared the proposed work with existing Type 1 fuzzy and it is found that the accuracy results of the proposed Type 2 fuzzy logic is increased when compared to Type 1 fuzzy approach. The proposed approach clusters microarray gene data based on fuzzy association rules. The same can be implemented for classifying microarray gene data and compared with famous algorithms like K-NN and SVM. The proposed work can be combined with other machine learning approach like Neural Networks.
